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ABSTRAK 

Karbon aktif komersial ialah jenis adsorbent yang sering digunakan dalam proses adsorpsi. Namun, penggunaan 
dari karbon komersial dalam pengolahan air limbah dibatasi, karena terbatasnya ketersediaan prekusor dan 
harganya cukup mahal. Biomassa sebagai prekusor karbon aktif telah dilaporkan memiliki efisiensi yang tinggi 
dalam menghilangkan berbagai macam logam berat dalam air limbah. Penelitian ini bertujuan untuk meninjau 
potensi karbon aktif berbasis biomassa untuk mengadsorpsi logam berat dalam hal komponen penyusun 
biomassa, penyisihan logam berat, dan prospek di masa depan. Metode dalam penelitian yaitu tinjauan literatur 
sistematis, atau SLR, untuk mengumpulkan data dari database online seperti Google Scholar, PubMed, dan 
ScienceDirect. Hasil penelitian menunjukkan bahwa karbon aktif berbasis biomassa efektif dalam menyisihkan 
logam berat dalam berbagai jenis air limbah. Efektivitas penyisihan untuk berbagai jenis biomassa berkisar antara 
84–99% untuk ion Pb2+, 55–92% untuk ion Cd2+, 84–99% untuk ion Pb2+, 96% untuk ion As2+, 80–100% untuk ion 
Cr2+, 25–97% untuk ion Fe2+, 50–99% untuk ion Ni2+, dan 62–98% untuk ion Cu2+, serta 98% untuk ion Ti. Hasil 
ini menunjukkan bahwa logam berat memiliki afinitas yang berbeda-beda terhadap karbon aktif dari biomassa, 
dari semua logam berat, ion Fe2+ dan Cd2+ memiliki afinitas yang terendah, sehingga karbon aktif yang digunakan 
untuk menghilangkan logam Fe2+ dan Cd2+ perlu diproduksi dengan porositas dan luas permukaan yang lebih 
tinggi. Penyisihan logam berat menggunakan karbon aktif dari biomassa dibatasi oleh dosis adsorbent waktu 
kontak, pH larutan, temperatur, konsentrasi awal adsorbat, ukuran partikel dan kecepatan pengadukan. Pada 
penelitian selanjutnya diharapkan adanya karbon aktif dari biomassa yang mempunyai kapasitas adsorpsi tinggi, 
ekonomis, ramah lingkungan dan dapat digunakan dalam skala luas.   

Kata kunci: Karbon aktif, Biomassa, Logam berat, Lignoselulosa, Pengolahan air limbah. 

ABSTRACT 

Commercial activated carbon is a type of adsorbent commonly used in adsorption processes. However, the use of commercial 
carbon in wastewater treatment is still limited, due to the scarce availability of precursors and their high cost. Biomass as an 
activated carbon precursor has been reported to have high efficiency in removing various heavy metals in wastewater. This 
study aims to review the potential of biomass-based activated carbon to adsorb heavy metals in terms of biomass constituent 
components, heavy metal removal, and future prospects.  The method in this study is a systematic literature review, or SLR, to 
collect data from online databases such as Google Scholar, PubMed, and ScienceDirect. The results show that biomass-based 
activated carbon is effective in the removal of heavy metals in various types of wastewater. The removal effectiveness for 
different types of biomass ranged from 84–99% for Pb2+ ions, 55–92% for Cd2+ ions, 84–99% for Pb2+ ions, 96% for As2+ ions, 
80–100% for Cr2+ ions, 25–97% for Fe2+ ions, 50–99% for Ni2+ ions, and 62–98% for Cu2+ ions, and 98% for Ti ions. These 
results show that heavy metals have different affinities to activated carbon from biomass, from all heavy metals, Fe2+ and Cd2+ 
ions have the lowest affinity, so the activated carbon used to remove Fe2+ and Cd2+ metals needs to be produced with higher 
porosity and surface area. The removal of heavy metals using activated carbon from biomass is limited by adsorbent dosage, 
contact time, solution pH, temperature, initial adsorbate concentration, particle size, and stirring speed. In future research, it 
is expected that activated carbon from biomass has a high adsorption capacity, is economical cost, is environmentally friendly, 
and can be used on a larger scale. 
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1. Introduction 
Heavy metals are pollutants produced by various 

industries, including the textile, dyeing, batteries, 
leather, fertilizer, chemical, mining, metallurgy, and 
refinery. The heavy metals such as Cd, Cu, Zn, Pb, Fe, 
Hg, Ni, Mn, and Co are commonly found in small 
concentrations of industrial wastewater but are 
considered elements harmful to living beings (Zhou et 
al., 2020), as these metals are not biodegradable and 
highly toxic. Metals adsorbed and accumulated in the 
human body can cause cancer, tumours, brain 
diseases, psychiatric diseases, sexual diseases and so 
on (Shafiq et al., 2018). 

Various materials are offered as adsorbents, but 
activated carbon is an accepted material for removing 
pollutants in wastewater. In removing heavy metals 
from wastewater, activated carbon has long been 
recognized as the best adsorbent in the industry (Lu 
et al., 2014). Applying the adsorption method with 
activated carbon was chosen because it is relatively 
easy. Compared to other adsorbents, activated carbon 
has a very high surface area and capacity for 
adsorption, making its use more optimal (Gunawan et 
al., 2020). Several different carbonaceous materials 
can be used to make activated carbon, but until 
recently, the primary sources of commercial carbon 
were coal, anthracite, and bitumen (Saleem et al., 
2019).  

The precursor materials of commercial activated 
carbon, such as petroleum waste, coal, asphalt, and 
lignite used in commercial activated carbon 
production, are expensive and non-renewable (Yahya 
et al., 2015). The availability of such precursors is 
limited (Elavarasan, 2018), and the cost required for 
commercial activated carbon regeneration is 
expensive (Ali et al., 2012). High production costs and 
expensive materials limit their use in wastewater 
treatment. Alternatively, locally available, abundant in 
nature and renewable materials, such as biomass, can 
be modified physically and chemically as activated 
carbon (Azmi et al., 2014).  Biomass is a term for waste 
material from plants, animals, and other organic 
substances. Biomass is a non-lignocellulose or 
lignocellulose material that comes in many shapes and 
sizes, including wood, herbs, aquatic detritus, manure 
and byproducts, and other forms (Osman et al., 2019).  

Lignocellulose biomass has gained significant 
attention as the only abundant renewable energy 
source with many ecological benefits (Bu et al., 2015). 

Lignocellulose biomass is made from 
photosynthesis of various types of land plants or 
aquatic plants (Long et al., 2013). Lignocellulosic 
biomass is the ideal feedstock for making activated 
carbon as it is the only renewable source of green 
carbon. In addition, lignocellulose biomass also has 
high adsorption capacity, simple regeneration, 

abundant availability, low cost, and reduced disposal 
problems after adsorption (Khatoon & Rai, 2016). 
Therefore, lignocellulose biomass affordable, and 
sustainable alternative to manufacture activated 
carbon. In addition, biomass-based activated carbon 
can be adapted for various purposes (Pallarés et al., 
2018). The advantages and disadvantages of 
commercial and biomass-based activated carbon are 
present in Table 1. Biomass-based activated carbon 
has many advantages over commercial carbon. 
However, recent studies have shown that the 
activation of biomass-based activated carbon uses 
large acid doses (Kolur et al., 2019). So, the effluent 
from the activated carbon treatment will contaminate 
the sewer system and stop the hydrolysis process in 
the environment (Bakar et al., 2021). 

Many researchers have utilized lignocellulose 
biomass as activated carbon to remove heavy metals 
in wastewater. The biomass includes banana peels 
(Ajmi et al., 2018), soybean seeds (Gaur et al., 2018), 
neem leaves (Pournima & Shrikant, 2018), olive seeds 
and palm seeds (Obregón-Valencia & Sun-Kou, 2014), 
and Leucaena leucocephala seed pods (Yusuff, 2019). 
Therefore, this study aims to review the potential of 
biomass-based activated carbon to adsorb heavy 
metals in terms of biomass constituent components, 
heavy metal removal, and future prospects. 

 
2. Method 

The method in this study is a systematic literature 
review or also known as Systematic Literature Review 
(SLR). SLR is a literature review that refers to a certain 
set of standard rules for identifying and synthesizing 
all related previous literature, as well as assessing 
important things about the topic under study (Xiao & 
Watson, 2019). Through SLR, a more informative 
research summary or synthesis will be obtained as 
well as a comprehensive research critique. The SLR 
method in this study was carried out by searching 
various scientific articles through electronic 
databases, such as Google Scholar, PubMed, and 
ScienceDirect. The keyword used in the search was 
"Activated carbon from lignocellulose biomass for 
heavy metal removal in wastewater". 

The search results were then filtered by title and 
abstract. Additional rules were also used in the 
selection of research works for detailed analysis, 
which included 1) Publications on activated carbon, 
plant biomass, heavy metals, and wastewater 
treatment; 2) Publication of works within the last ten 
years, between 2013 and 2023; 3) Publications in 
internationally reputed journals; 4) Easily accessible 
full journal text. Only eligible articles were included in 
this review. The article screening process is presented 
in Figure 1.
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Table 1. Advantages and disadvantages of commercial and biomass-based activated carbon 

Activated Carbon Advantages Disadvantages 

Commercial 
 Easy to find 
 High adsorption capacity 

 

 Limited precursor availability 
 High price (271 US $) 
 The cost of regeneration is expensive 

Biomass 

 High adsorption capacity (22-277 mg.g-1) 
 Abundant precursor availability 
 Economical cost (42 US $) 
 Easy regeneration  
 Less disposal problems after adsorption 

 Acidic waste from activated carbon activation 
causes contamination of drainage systems and 
disrupts biodegradation cycles. 

 

 
Figure 1. Diagram of article screening 

3. Result and Discussions 
3.1. Biomass-Based Activated Carbon 
3.1.1. Constituent Components of Biomass-Based 

Activated Carbon 
Amorphous materials are called activated 

carbons, usually containing a well-organized tissue of 
pores with a high proportion of micro or mesopores 
structural. Due to its naturally connected pore 
network, lignocellulosic biomass is a highly applicable 
precursor for producing porous activated carbon 
(Dutta et al., 2014). Lignocellulose biomass has hollow 
holes and plates connecting vertical and horizontal 
pores. This network of pores plays an essential role in 
transferring plant nutrients so that they can transport 
anorganic ions and nutritional components (Jiang et 
al., 2020).  

According to (Karaboyaci et al., 2017), 
lignocellulose biomass comprises three main 
components: lignin, cellulose, and hemicellulose. The 
structural elements constituent of lignocellulose 
biomass is illustrateds in Figure 2. Lignin is essential 
in absorbing heavy metals from raw or unaltered 

lignocellulose biomass. Escudero-Oñate et al. (2017) 
state that lignin is crucial for adsorption because it 
supplies polyphenol and polyhydroxy functional 
elements that are helpful for heavy metal coordination 
and promote ion exchange activity in materials. It is 
also part of the lignocellulose biomass that is most 
thermally stable. Due to these properties, lignin-rich 
biomass is suitable for producing the best-activated 
carbon. 

According to Escudero-Oñate et al. (2017), 
adsorbents of lignocellulose have a proportion of 30–
35% cellulose, 20–40% hemicellulose and 15–25% 
lignin. The ash, waters, cyclic hydro-carbons, and 
extractive are other micro-components. According to 
Kayranli et al. (2021), the banana peel contains lignin 
16.45%, cellulose 18.06%, hemicellulose 21.40%, 
crude protein 1.4%, fibre 10.56%, and ash 4.5%. Sugar 
bagasse's lignocellulose composition is 36.78% 
cellulose, 26.04% hemicellulose, 10.51% lignin, and 
26.67% ash (Arni, 2018). Rice husks are composed of 
cellulose 35%, hemicellulose 25%, lignin 20%, and 
ash 17% (Ma’ruf et al., 2017).  

Watermelon peel contains lignin 6–8.63%, 
cellulose 52.27% and hemicellulose 10.14–19.51% 
(Fakayode et al., 2021). Potato peels contain 39.36% 
cellulose components, 13.11% lignin, 9.04% 
hemicellulose, and 2.31% pectin (Zhu et al., 2023). 75-
90% of rice husk biomass is organic matter (cellulose 
and lignin), while 10-25% is organic (Carmona et al., 
2013). Adsorbents from chemically treated biomass 
have a much greater adsorption ability than non-
treated adsorbents (Ali et al., 2016). Adsorbents from 
chemically treated biomass have a much greater 
adsorption ability than non-treated adsorbents.  
According to (Pournima & Shrikant, 2018), Cu metal 
can be removed from wastewater by silica, cellulose, 
lignin, carbohydrate, and other biomass components. 
Biomass offers many benefits, such as a cheap 
feedstock to replace commercial carbon and as a 
problem-solving component for removing heavy 
metals from wastewater.  

 



Jurnal Ilmu Lingkungan (2024), 22 (1): 132-141, ISSN 1829-8907 
 

135 
© 2024, Program Studi Ilmu Lingkungan Sekolah Pascasarjana UNDIP 

 

 
Figure 2. Structural elements of lignocellulose biomass (Li & Takkellapati, 2018) 

3.1.2. Biomass-Based Activated Carbon 
Applications 

Lignocellulosic biomass has a high potential as an 
activated carbon precursor. Biomass-based activated 
carbon can adsorb various heavy metals in 
wastewater. Biomass-based activated carbon has 
been applied in various experiments to remove metal 
contaminants easily and cheaply(Burakov et al., 
2018). Table 2 details the use of activated carbon 
derived from several types of biomass for wastewater 
treatment. 

Based on the summary in Table 2, activated 
carbon based on lignocellulosic biomass can remove 
different heavy metals in wastewater. The biomass 
derived from several plant parts reportedly can be 
used as an activated carbon precursor. Previous 
experiments have reported the removal of heavy 
metals by plant biomass, such as leaves, stems, seeds, 
and fruit peels. Lead metal (Pb) can be reduced using 
activated carbon from aloe vera leaves, bamboo 
stems, corn cobs, cherry seeds, apricot shells, potato 
peels, and banana peels, with an effectiveness of 84-
99%. The significance of removing cadmium (Cd) with 
activated carbon from bamboo stems, olive seeds and 
palms, and banana peels was 55-98%. Activated 
carbon from bamboo sticks can remove arsenic (As) 
from oil and gas industry wastewater with an 
effectiveness of 96% (Thotagamuge et al., 2021). 
Chromium (Cr) metal from various wastewater types 
can remove by activated carbon from bamboo stems, 
rice straws, black sapote seeds, apricot fruit peels, 
banana peels, and rice husks with an effectiveness of 
80-100%. Removal of iron (Fe) from wastewater with 
activated carbon from bamboo stems, bagasse, black 
sapote seeds, and apricot shells, the effectiveness 
ranged from 25-97%. Nickel (Ni) can remove by 
activated carbon from bamboo stems, cherry seeds, 

rice husks and orange peels with an effectiveness of 
50-99%. 89% of the zinc (Zn) metal was successfully 
removed from textile effluent using sugarcane 
bagasse-derived activated carbon (Razi et al., 2018). 
Copper (Cu) in wastewater can be removed by 
activated carbon from black sapote seeds, apricot 
shells, watermelon peels, rice husks and orange peels, 
with an effectiveness of 62-99%. Meanwhile, titanium 
(Ti) metal in wastewater can be removed with 
watermelon peel-activated carbon with 98% 
effectiveness (Li et al., 2019). According to Vukelic et 
al. (2018), commercial activated carbon can remove 
87% nickel metal, 84% cadmium and 74% lead in 
wastewater. In a study by Thotagamuge et al. (2021), 
commercial activated carbon can remove 58% Cu, 
15% Cd, Pb, and Cr, 10% As and Ni in wastewater from 
the oil and gas industry. These results indicate that the 
removal efficiency of heavy metals in wastewater with 
plant biomass-based activated carbon (lignocellulose) 
is equal to or even higher than commercial activated 
carbon. Thus, biomass is a potential precursor as 
activated carbon for heavy metal removal in 
wastewater. 

 
3.2. Limiting Factors 
3.2.1. Adsorbent Dosage 

The quantity of adsorbent used in removing 
heavy metal is significant because it determines the 
balance between absorbent materials and 
contaminants, which estimates the adsorption price 
for each unit of solution (Mohamed et al., 2019). The 
number of heavy metal ions adsorbed usually 
increases with increased adsorbent dosage up to a 
certain point before becoming constant. This result 
indicates that maximum adsorption will occur at a 
given adsorbent dose for each concentration of metal 
ions (Soliman & Moustafa, 2020). 
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Table 2.  Wastewater treatment using activated carbon from biomass. 

Part of 
plant 

Biomass Types of wastewater 
Heavy 
metals 

Effectiveness Reference 

Leaf Aloe Vera Leaf Wastewater Pb2+ 96% Malik et al. (2015) 

Stems 

Bamboo sticks Oil and gas industry wastewater 

Cd2+ 55% 

Thotagamuge et al. 
(2021) 

Pb2+ 96% 

As2+ 96% 

Cr2+ 96% 

Fe2+ 25% 

Ni2+ 50% 

Rice straw Wastewater Cr2+ 97% Kumar & Jena (2017) 

Sugar bagasse Wastewater Textile industry 
Fe2+ 91% 

Razi et al. (2018) 
Zn2+ 89% 

Fruit Corn cobs Wastewater Leather industry Pb2+ 95% 
Muthusamy & Murugan 

(2016) 

Seed 

Black sapote seeds Mining wastewater 

Cr2+ 100% 

Peláez-Cid et al. (2020) 
Cu2+ 98% 

Fe2+ 96% 

Pb2+ 99% 

Apricot shell Wastewater 

Fe2+ 97% 

Šoštarić et al. (2018) 
Pb2+ 87% 

Cu2+ 81% 

Cr2+ 80% 

Cherry seeds Wastewater 

Pb2+ 94% 

Vukelic et al. (2018) Cd2+ 92% 

Ni2+ 66% 

Olive seeds 
Wastewater 

Cd2+ 68% Obregón-Valencia & 
Sun-Kou (2014) Palm seeds Cd2+ 55% 

Peels 

Banana peels 
Battery and power industry 

wastewater 

Cd2+ 98% 

Ajmi et al. (2018) Cr2+ 99% 

Pb2+ 97% 

Potato peels Wastewater Pb2+ 84% Osman et al. (2019) 

Watermelon peel Wastewater Ti 98% Li et al. (2019) 

Watermelon peel Wastewater Cu2+ 98% Gupta & Gogate (2016) 

Rice husks 

Synthetic wastewater 

Cu2+ 62% 

Naik et al. (2023) 
Ni2+ 65% 

Rice husks and orange 
peels 

Cu2+ 99% 

Ni2+ 99% 

Rice husks Tannery Wastewater Cr2+ 99% Vunain et al. (2021) 

 
The increase in adsorbent dosage significantly 

increases active sites, surface area, and the number of 
metal ions adsorbed. For example, (Kumar & Jena, 
2017) investigated the impact of the adsorbent dosage 
on removing Cr(VI)using peanut shell activated 
carbon (Fig. 3). The percentage removal of Cr(VI) 
increased sharply by increasing the dose of adsorbent 
until 0.04 g before constant. Meanwhile, according to 
Özsin et al. (2019), the removal of adsorbed metals 
decreased as the dose of carbon increased. The 
adsorbent dose of lead (Pb) and chromium (Cr) were 
found to be optimal at 2 g/L, while copper (Cu) was 
optimal at 3 g/L. 

 
3.2.2 Contact Time 

Contact time is the period it takes for the system 
to reach equilibrium. Solid or liquid heterogeneous 
systems typically undergo various mass transfer 
processes, some of which may be relatively slow. With 
a longer contact time, the biosorption of heavy metals 
may increase (Khatoon dan Rai, 2016). Activated 

carbon made from papaya peel is used by Mittal et al. 
(2021) to study the impact of contact duration on the 
removal of Pb(II), Ni(II), and Cu(II) ions (Fig. 5). 
 

 
Figure 3. Impact of adsorbent dosege on Cr(VI) removal by 
activated carbon from peanut shell (Kumar & Jena, 2017).
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Figure 4. Impact of adsorbent dose on sorption of Pb, Cr, 
and Cu metal by chickpea peel activated carbon (Özsin et 

al., 2019) 

 
Figure 5. Impact of contact time on the metal ion sorption 

by papaya peel carbon (Mittal et al., 2021). 

The number of heavy metal ions adsorbed over 
time of all three metals starts quickly but slows down 
with time, and no adsorption of metal ions is visible 
once equilibrium is reached. Metal ions can first fill the 
adsorption site. However, as time passes, fewer free 
sites become available, and the amount of unadsorbed 
cations in the solution increases, limiting the 
adsorption capacity (Bohli et al., 2015). 
 
3.2.3 Solution pH  

Solution pH significantly impacts the adsorption 
in heavy metals, as pH controls an adsorbent's 
properties, including the surface charges, 
specifications of the adsorbate and the ionization level 
in the solution (Alghamdi et al., 2019). Figure 6 
illustrates more protons on the carbon surface 
interacting with the metal ions of the solution. When 
pH rises, lead (Pb), copper (Cu), and chromium (Cr) 
adsorption increase. Metal adsorption decreases at 
pH>9, possibly related to a binding or dissociation of 
functional groups on the surface. In addition, the 
change in pH of the solution from 8 to 9 does not 
significantly change the absorption rate (Özsin et al., 

2019). 
 

 
Figure 6.  Impact of the solution pH on the sorption of Pb, 

Cr, and Cu metals (Özsin et al., 2019) 

3.2.4 Temperature  

 

Figure 7.  The impact of temperature on the removal of 
metal ions by Equisetum (EH) and Teucrium (TH) 

adsorbents (Al-Senani & Al-Fawzan, 2018) 

Temperature can change the nature of the 
interaction between endothermic and exothermic 
systems or the reverse, which impacts adsorption 
(Yeow et al., 2021). The absorption efficiency is 
influenced by temperature, depending on the 
pollutants and adsorbents. Temperature can increase 
surface activity and adsorbate kinetic energy leading 
to increased biosorption of contaminants, but 
temperature can also damage the physical structure of 
biosorbents (Rápó & Tonk, 2021). Al-Senani & Al-
Fawzan (2018) investigated how temperature 
affected the sorption of metal ions Li, Co and Cd using 

0

5

10

15

20

25

30

35

40

0 1 2 3 4 5 6

q
e 

(m
g/

g)

adsorbentt dosage (g/L)

Cu (II)

Cr (VI)

Pb (II)

70

75

80

85

90

95

100

0 5 1 0 2 0 4 0 6 0 1 2 0 1 8 0

%
 R

em
o

v
al

Time (minutes)

Ni (II)

Cu (II)

Pb (II)

0

5

10

15

20

25

30

35

1 2 3 4 5 6 7 8 9 1 0

q
e 

(m
g/

g)

pH

Cu (II)

Cr (VI)

Pb (II)



Rofikoh, V., Zaman, B., Samadikun, B. P. (2024). The Potential of Commercial Biomass-Based Activated Carbon to Remove Heavy Metals in 
Wastewater – A Review. Jurnal Ilmu Lingkungan. 22(1), 132-141 doi:10.14710/jil.22.1.132-141. 

138 
© 2024, Program Studi Ilmu Lingkungan Sekolah Pascasarjana UNDIP 

 

equisetum (EH) and Teucrium (TH) adsorbents 
(figure 7). The adsorption of Cd, Co, and Li metals is 
affected by temperatures in the range of 25-60°C. 
Adsorbents may absorb heavy metal ions through 
physical and chemical adsorption, as evidenced by the 
increasing adsorption with temperature variations. 
Mustapha et al. (2019) report that the adsorption rate 
reduces as the temperature rises. These results 
indicate that adsorption becomes negative at high 
temperatures (desorption).  
 
3.2.5 Initial Adsorbate Concentration  

The initial concentration of adsorbate determines 
the ability of the biosorbent for adsorbate uptake. The 
initial concentration impacts the adsorbate's 
absorption, which increases as the initial 
concentration rises. An increase in the pushing 
gradient force causes changes in biosorption at 
different adsorbate concentrations. The driving force 
for moving adsorbate is more potent at higher 
concentrations. However, the binding site will be 
saturated at high metal concentrations (Alkherraz et 
al., 2020). The adsorption sites available are filled 
with increasing concentrations of heavy metals, 
followed by decreased adsorption effectiveness. The 
effect of initial heavy metal concentration on metal 
adsorption by carbon from pine and Silver birch has 
been investigated by Komkiene & Baltrenaite (2016). 
Findings showed that the percentage of adsorption 
decreases with increasing initial metal concentration. 
 
3.2.6 Particle Size/Surface Area 

An adsorbent's particle size significantly impacts 
its ability to absorb pollutants (Al-Ghouti et al., 2017). 
As a result of the lower surface area, the adsorbent's 
increasing particle size causes a decrease in its 
adsorption characteristics. However, reducing the 
particle size of the adsorbent will increase its 
adsorptive properties as the surface area improves 
(Bohli et al., 2013). Particle size was investigated by 
Holliday et al. (2022), using particles measuring 200-
500, 50-200, and 50 μm in adsorption. According to 
the findings, adsorption works best when using small 
particles (50 μm). Smaller particle sizes can increase 
the interface's ratio to volume and the number of 
accessible adsorption sites. 

 
3.2.7 Speed of Agitation 

Agitation is a crucial factor in adsorption because 
agitation allows the adsorbent to overcome the mass 
transfer resistance of the boundary layer (Khatoon & 
Rai, 2016). Increased agitation speed facilitates the 
mass transfer and transport of contaminated 
molecules. The increased surface contact promotes 
faster equilibration and more significant adsorption. 
The solids will sink to the bottom of the solution 
without agitation, decreasing the potential number of 
sites for absorption (Holliday et al., 2022). The effect 
of agitation speed towards metal ions removal from 
solution was investigated in the study Salih et al. 

(2021), using 100, 150 and 200 rpm speeds. Studies 
show that when the agitation speed increases, the 
effectiveness of metal removal also rises.  
 
3.3. Future Perspective 

Many studies have highlighted the potential of 
using lignocellulosic biomass as an activated carbon 
precursor to treat heavy metals from wastewater. 
Activated carbon made from biomass-based 
lignocellulose can be utilized commercially as an 
alternative to carbon in the future due to the abundant 
availability of precursors, economical price and high 
adsorption capacity. Therefore, further research 
should focus on filling the following gaps: 
1) Further studies are needed to characterize 

activated carbons from lignocellulose biomass 
with the highest heavy metal absorption capacity 
to encourage the large-scale use of biomass-based 
activated carbons. 

2) Various pre-processing techniques must be 
explored to make activated carbon efficient 
during heavy metal remediation. 

3) Chemical activation processes have been widely 
used to manufacture biomass-based activated 
carbon. Although it produces quality activated 
carbon, it produces acidic wastewater that can 
pollute the environment. Future carbon-based 
biomass activation requires improvement not to 
produce byproducts that negatively impact the 
environment.   

4) Despite the many studies conducted regarding 
the production of various biomasses as activated 
carbon, a more profound and more extensive 
range of carbon synthesis and modification 
methodologies is still needed, mainly focusing on 
each more specific type of biomass. 

5) As a result of several studies focusing on activated 
carbon production from biomass, more research 
is needed to determine the feasibility of biomass-
based carbon reuse. Since actual wastewater not 
only contains heavy metals but also contains a 
complex range of pollutants and most studies 
have focused solely on activated carbon on a 
laboratory scale, further research on a broad scale 
is urgently needed. 

 
4. Conclusion 

Lignocellulose biomass-based activated carbon 
has been reported as a promising commercial carbon 
substitute alternative. This biomass-based carbon can 
adsorb various types of heavy metals in wastewater. 
The benefits of lignocellulose biomass-based carbon 
over commercial carbon include being relatively 
affordable, renewable, available, simple to modify, 
and having a high adsorption capacity. The 
constituent components of lignocellulose biomass as 
carbon precursors include lignin, cellulose and 
hemicellulose. Biomass from plant parts can set aside 
different types of metals. Aloe vera leaves can remove 
Pb2+ metal in wastewater with 96% effectiveness. 
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Activated carbon from plant stems in bamboo stems, 
rice straw, and bagasse can remove metals Cd2+, Pb2+, 
As2+, Cr2+, Fe2+, Ni2+ and Zn2+ in various wastewater by 
25–97%. Corn cob, the activated carbon from the 
plant's fruit, can remove up to 95% of Pb2+ metal. 
Activated carbon from grains, such as black 
persimmons, cherries, olives, palms, and apricot 
shells, can set aside metals Cd2+, Fe2+, Pb2+, Cu2+, Cr2+, 
and Ni2+ ranging from 55–100%. The effectiveness of 
removing Cd2+, Ti, Pb2+, Cu2+, Cr2+, and Ni2+ metals by 
activated carbon from banana, watermelon, potato, 
rice husk and orange peels is 62–99%. The benefits of 
removing heavy metals with activated carbon made 
from lignocellulosic biomass are excellent; some 
biomass from plant parts even excels in commercial 
carbon. The amount of heavy metals activated carbon 
can remove depends on several variables, including 
the adsorbent dose, contact time, solution pH, 
temperature, initial adsorbate concentration, particle 
size, and agitation speed. In future research, it is 
expected that there will be biomass-based activated 
carbon that has high metal adsorption capacity, lower 
economic costs, free of pollution, and can applied on a 
wide scale. 
 
 
REFERENCES 
Ajmi, R. A., Sultan, M., & Hanno, S. H. (2018). Bioabsorbent of 

Chromium, Cadmium and Lead from Industrial 
waste water by Waste plant. Journal of 
Pharmaceutical Sciences and Research, 10(3), 672–
674. 

Alghamdi, A. A., Al-Odayni, A. B., Saeed, W. S., Al-Kahtani, A., 
Alharthi, F. A., & Aouak, T. (2019). Efficient 
adsorption of lead (II) from aqueous phase 
solutions using polypyrrole-based activated 
carbon. Materials, 12(12). 
https://doi.org/10.3390/ma12122020 

Al-Ghouti, M. A., Al Disi, Z. A., Al-Kaabi, N., & Khraisheh, M. 
(2017). Mechanistic insights into the remediation 
of bromide ions from desalinated water using 
roasted date pits. Chemical Engineering Journal, 
308, 463–475. 
https://doi.org/10.1016/j.cej.2016.09.091 

Ali, A., Saeed, K., & Mabood, F. (2016). Removal of chromium 
(VI) from aqueous medium using chemically 
modified banana peels as efficient low-cost 
adsorbent. Alexandria Engineering Journal, 55(3), 
2933–2942. 
https://doi.org/10.1016/j.aej.2016.05.011 

Ali, I., Asim, M., & Khan, T. A. (2012). Low-cost adsorbents 
for the removal of organic pollutants from 
wastewater. In Journal of Environmental 
Management (Vol. 113, pp. 170–183). 
https://doi.org/10.1016/j.jenvman.2012.08.028 

Alkherraz, A. M., Ali, A. K., & Elsherif, K. M. (2020). Removal 
of Pb(II), Zn(II), Cu(II) and Cd(II) from aqueous 
solutions by adsorption onto olive branches 
activated carbon: Equilibrium and thermodynamic 
studies. Chemistry International, 6(1), 11–20.  

Al-Senani, G. M., & Al-Fawzan, F. F. (2018). Adsorption study 
of heavy metal ions from aqueous solution by 
nanoparticle of wild herbs. Egyptian Journal of 

Aquatic Research, 44(3), 187–194. 
https://doi.org/10.1016/j.ejar.2018.07.006 

Arni, S. Al. (2018). Extraction and isolation methods for 
lignin separation from sugarcane bagasse: A 
review. In Industrial Crops and Products (Vol. 115, 
pp. 330–339). Elsevier B.V. 
https://doi.org/10.1016/j.indcrop.2018.02.012 

Asasian Kolur, N., Sharifian, S., & Kaghazchi, T. (2019). 
Investigation of sulfuric acid-treated activated 
carbon properties. Turkish Journal of Chemistry, 
43(2), 663–675. https://doi.org/10.3906/kim-
1810-63 

Azmi, N. B., Bashir, M. J. K., Sethupathi, S., & Ng, C.-A. (2014). 
Recent Development in Landfill Leachate 
Treatment Using Low-Cost Adsorbent Prepared 
From Waste Material. In H. A. Aziz & A. Mojiri 
(Eds.), Wastewater Engineering: Advanced 
Wastewater Treatment Systems (pp. 6–14). IJSR 
Publications. http://www.ijsrpub.com/books 

Bakar, N. A., Othman, N., Yunus, Z. M., Altowayti, W. A. H., 
Tahir, M., Fitriani, N., & Mohd-Salleh, S. N. A. 
(2021). An insight review of lignocellulosic 
materials as activated carbon precursor for textile 
wastewater treatment. In Environmental 
Technology and Innovation (Vol. 22). Elsevier B.V. 
https://doi.org/10.1016/j.eti.2021.101445 

Bohli, T., Fiol, N., Villaescusa, I., & Ouederni, A. (2013). 
Adsorption on Activated Carbon from Olive 
Stones: Kinetics and Equilibrium of Phenol 
Removal from Aqueous Solution. Journal of 
Chemical Engineering & Process Technology, 
04(06), 1–5.  

Bohli, T., Ouederni, A., Fiol, N., & Villaescusa, I. (2015). 
Evaluation of an activated carbon from olive 
stones used as an adsorbent for heavy metal 
removal from aqueous phases. Comptes Rendus 
Chimie, 18(1), 88–99.  

Bu, Q., Lei, H., Wang, L., Yadavalli, G., Wei, Y., Zhang, X., Zhu, 
L., & Liu, Y. (2015). Biofuel production from 
catalytic microwave pyrolysis of Douglas fir pellets 
over ferrum-modified activated carbon catalyst. 
Journal of Analytical and Applied Pyrolysis, 112, 74–
79.  

Burakov, A. E., Galunin, E. V., Burakova, I. V., Kucherova, A. 
E., Agarwal, S., Tkachev, A. G., & Gupta, V. K. (2018). 
Adsorption of heavy metals on conventional and 
nanostructured materials for wastewater 
treatment purposes: A review. In Ecotoxicology 
and Environmental Safety (Vol. 148, pp. 702–712). 
Academic Press. 
https://doi.org/10.1016/j.ecoenv.2017.11.034 

Carmona, V. B., Oliveira, R. M., Silva, W. T. L., Mattoso, L. H. C., 
& Marconcini, J. M. (2013). Nanosilica from rice 
husk: Extraction and characterization. Industrial 
Crops and Products, 43(1), 291–296.  

Dutta, S., Bhaumik, A., & Wu, K. C. W. (2014). Hierarchically 
porous carbon derived from polymers and 
biomass: Effect of interconnected pores on energy 
applications. In Energy and Environmental Science 
(Vol. 7, Issue 11, pp. 3574–3592). Royal Society of 
Chemistry. https://doi.org/10.1039/c4ee01075b 

Elavarasan, R. M. (2018). The Motivation for Renewable 
Energy and its Comparison with Other Energy 
Sources: A Review. European Journal of Sustainable 
Development Research, 3(1). 
https://doi.org/10.20897/ejosdr/4005 



Rofikoh, V., Zaman, B., Samadikun, B. P. (2024). The Potential of Commercial Biomass-Based Activated Carbon to Remove Heavy Metals in 
Wastewater – A Review. Jurnal Ilmu Lingkungan. 22(1), 132-141 doi:10.14710/jil.22.1.132-141. 

140 
© 2024, Program Studi Ilmu Lingkungan Sekolah Pascasarjana UNDIP 

 

Escudero-Oñate, C., Fiol, N., Poch, J., & Villaescusa, I. (2017). 
Valorisation of Lignocellulosic Biomass Wastes for 
the Removal of Metal Ions from Aqueous Streams: 
A. Review. In J. S. Tumuluru (Ed.), Biomass Volume 
Estimation and Valorization for Energy (1st ed., pp. 
381–407). InTech. 

Fakayode, O. A., Akpabli-Tsigbe, N. D. K., Wahia, H., Tu, S., 
Ren, M., Zhou, C., & Ma, H. (2021). Integrated 
bioprocess for bio-ethanol production from 
watermelon rind biomass: Ultrasound-assisted 
deep eutectic solvent pretreatment, enzymatic 
hydrolysis and fermentation. Renewable Energy, 
180, 258–270.  

Gunawan, S., Hasan, H., & Lubis, R. D. W. (2020). 
Pemanfaatan Adsorbent dari Tongkol Jagung 
sebagai Karbon Aktif untuk Mengurangi Emisi Gas 
Buang Kendaraan Bermotor. Jurnal Rekayasa 
Material, Manufaktur Dan Energi, 3(1), 38–47.  

Gupta, H., & Gogate, P. R. (2016). Intensified removal of 
copper from waste water using activated 
watermelon based biosorbent in the presence of 
ultrasound. Ultrasonics Sonochemistry, 30, 113–
122. 

Holliday, M. C., Parsons, D. R., & Zein, S. H. (2022). 
Agricultural Pea Waste as a Low-Cost Pollutant 
Biosorbent for Methylene Blue Removal: 
Adsorption Kinetics, Isotherm And 
Thermodynamic Studies. Biomass Conversion and 
Biorefinery. https://doi.org/10.1007/s13399-
022-02865-8 

Jiang, C., Yakaboylu, G. A., Yumak, T., Zondlo, J. W., Sabolsky, 
E. M., & Wang, J. (2020). Activated carbons 
prepared by indirect and direct CO2 activation of 
lignocellulosic biomass for supercapacitor 
electrodes. Renewable Energy, 155, 38–52.  

Karaboyaci, M., Tama, B., Şencan, A., & Kiliç, M. (2017). 
Recycling of Rose Wastes to Activated Carbon with 
Ecological Precursor. Bilge International Journal of 
Science and Technology Research, 1(1), 1–8. 

Kayranli, B., Gok, O., Gok, G., Celebi, H., Yilmaz, T., Seckin, I. 
Y., & Kalat, D. (2021). Zinc removal mechanisms 
with recycled lignocellulose: from fruit residual to 
biosorbent then soil conditioner. Water, Air, & Soil 
Pollution, 232(311), 1–15. 

Khatoon, H., & Rai, P. N. (2016). Agricultural Waste Materials 
As Biosorbents For The Removal Of Heavy Metals 
And Synthetic Dyes-A Review. Octa Journal of 
Environmental Research, 4(3), 208–229. 
https://www.researchgate.net/publication/3270
51571 

Komkiene, J., & Baltrenaite, E. (2016). Biochar as adsorbent 
for removal of heavy metal ions [Cadmium(II), 
Copper(II), Lead(II), Zinc(II)] from aqueous phase. 
International Journal of Environmental Science and 
Technology Volume, 13, 471–482. 

Kumar, A., & Jena, H. M. (2017). Adsorption of Cr(VI) from 
aqueous solution by prepared high surface area 
activated carbon from Fox nutshell by chemical 
activation with H3PO4. In Journal of Environmental 
Chemical Engineering (Vol. 5, Issue 2, pp. 2032–
2041). Elsevier Ltd. 
https://doi.org/10.1016/j.jece.2017.03.035 

Lakshmana Naik, R., Rupas Kumar, M., & Bala Narsaiah, T. 
(2023). Removal of heavy metals (Cu & Ni) from 
wastewater using rice husk and orange peel as 
adsorbents. Materials Today: Proceedings, 72, 92–
98.  

Li, H., Xiong, J., Xiao, T., Long, J., Wang, Q., Li, K., Liu, X., Zhang, 
G., & Zhang, H. (2019). Biochar derived from 
watermelon rinds as regenerable adsorbent for 
efficient removal of thallium(I) from wastewater. 
Process Safety and Environmental Protection, 127, 
257–266. 
https://doi.org/10.1016/j.psep.2019.04.031 

Li, T., & Takkellapati, S. (2018). The current and emerging 
sources of technical lignins and their applications. 
Biofuels, Bioproducts and Biorefining, 12(5), 756–
787. 

Long, H., Li, X., Wang, H., & Jia, J. (2013). Biomass resources 
and their bioenergy potential estimation: A 
review. In Renewable and Sustainable Energy 
Reviews (Vol. 26, pp. 344–352). Elsevier Ltd.  

Lu, X., Jiang, J., Sun, K., & Xie, X. (2014). Preparation and 
characterization of sisal fiber-based activated 
carbon by chemical activation with zinc chloride. 
Bulletin of the Korean Chemical Society, 35(1), 103–
110.  

Malik, R., Lata, S., & Singhal, S. (2015). Removal of heavy 
metal from wastewater by the use of modified aloe 
vera leaf powder. International Journal of Basic and 
Applied Chemical Sciences, 5(2), 6–17. 
http://www.cibtech.org/jcs.htm 

Ma’Ruf, A., Pramudono, B., & Aryanti, N. (2017). Lignin 
isolation process from rice husk by alkaline 
hydrogen peroxide: Lignin and silica extracted. AIP 
Conference Proceedings, 1823. 
https://doi.org/10.1063/1.4978086 

Mittal, J., Ahmad, R., Mariyam, A., Gupta, V. K., & Mittal, A. 
(2021). Expeditious and enhanced sequestration 
of heavy metal ions from aqueous environment by 
papaya peel carbon: A green and low-cost 
adsorbent. Desalination and Water Treatment, 210, 
365–376.  

Mohamed, H. S., Soliman, N. K., Abdelrheem, D. A., Ramadan, 
A. A., Elghandour, A. H., Ahmed, S. A., & Adsorption, 
S. A. A. (2019). Adsorption of Cd 2D and Cr 3D ions 
from aqueous solutions by using residue of Padina 
gymnospora waste as promising low-cost 
adsorbent. Heliyon, 5, 1287.  

Mustapha, S., Ndamitso, M. M., Abdulkareem, A. S., Tijani, J. 
O., Mohammed, A. K., & Shuaib, D. T. (2019). 
Potential of using kaolin as a natural adsorbent for 
the removal of pollutants from tannery 
wastewater. Heliyon, 5(11). 
https://doi.org/10.1016/j.heliyon.2019.e02923 

Muthusamy, P., & Murugan, S. (2016). Removal of Lead Ion 
Using Maize Cob as a Bioadsorbent. In Journal of 
Engineering Research and Application 
www.ijera.com (Vol. 6).  

Obregón-Valencia, D., & Sun-Kou, M. D. R. (2014). 
Comparative cadmium adsorption study on 
activated carbon prepared from aguaje (Mauritia 
flexuosa) and olive fruit stones (Olea europaea L.). 
Journal of Environmental Chemical Engineering, 
2(4), 2280–2288.  

Osman, A. I., Blewitt, J., Abu-Dahrieh, J. K., Farrell, C., Al-
Muhtaseb, A. H., Harrison, J., & Rooney, D. W. 
(2019). Production and characterisation of 
activated carbon and carbon nanotubes from 
potato peel waste and their application in heavy 
metal removal. Environmental Science and 
Pollution Research, 26(36), 37228–37241. 
https://doi.org/10.1007/s11356-019-06594-w 



Jurnal Ilmu Lingkungan (2024), 22 (1): 132-141, ISSN 1829-8907 
 

141 
© 2024, Program Studi Ilmu Lingkungan Sekolah Pascasarjana UNDIP 

 

Özsin, G., Kılıç, M., Apaydın-Varol, E., & Pütün, A. E. (2019). 
Chemically activated carbon production from 
agricultural waste of chickpea and its application 
for heavy metal adsorption: equilibrium, kinetic, 
and thermodynamic studies. Applied Water 
Science, 9(3). https://doi.org/10.1007/s13201-
019-0942-8 

Pallarés, J., González-Cencerrado, A., & Arauzo, I. (2018). 
Production and characterization of activated 
carbon from barley straw by physical activation 
with carbon dioxide and steam. Biomass and 
Bioenergy, 115, 64–73. 
https://doi.org/10.1016/j.biombioe.2018.04.015 

Peláez-Cid, A. A., Romero-Hernández, V., Herrera-González, 
A. M., Bautista-Hernández, A., & Coreño-Alonso, O. 
(2020). Synthesis of activated carbons from black 
sapote seeds, characterization and application in 
the elimination of heavy metals and textile dyes. 
Chinese Journal of Chemical Engineering, 28(2), 
613–623. 
https://doi.org/10.1016/j.cjche.2019.04.021 

Pournima, R. P., & Shrikant, M. B. (2018). Experimental dose 
optimization for Cu removal from water using 
neem leaves. Int J Curr Eng Technol, 8(5), 1329–
1332. 

Rápó, E., & Tonk, S. (2021). Factors affecting synthetic dye 
adsorption; desorption studies: A review of results 
from the last five years (2017–2021). In Molecules 
(Vol. 26, Issue 17). MDPI.  

Razi, M. A. M., Al-Gheethi, A., & Za, A. (2018). Removal of 
Heavy Metals from Textile Wastewater Using 
Sugarcane Bagasse Activated Carbon. 
International Journal of Engineering & Technology, 
7(4), 112–115.  

Saleem, J., Shahid, B. U., Hijab, M., Mackey, H., & McKay, G. 
(2019). Production and applications of activated 
carbons as adsorbents from olive stones. Biomass 
Conversion and Biorefinery, 775–802.  

Salih, A. M., Williams, C., & Khanaqa, P. (2021). Kinetic 
Studies of Heavy Metal Removal from Industrial 
Wastewater by Using Natural Zeolite. UKH Journal 
of Science and Engineering, 5.  

Shafiq, M., Alazba, A. A., & Amin, M. T. (2018). Removal of 
heavy metals from wastewater using date palm as 
a biosorbent: A comparative review. In Sains 
Malaysiana. 47 (1): 35–49.  

Soliman, N. K., & Moustafa, A. F. (2020). Industrial solid 
waste for heavy metals adsorption features and 
challenges; a review. Journal of Materials Research 
and TechnologY, 9(5), 10235–10253. 

Šoštarić, T. D., Petrović, M. S., Pastor, F. T., Lončarević, D. R., 
Petrović, J. T., Milojković, J. V., & Stojanović, M. D. 
(2018). Study of heavy metals biosorption on 
native and alkali-treated apricot shells and its 
application in wastewater treatment. Journal of 
Molecular Liquids, 259, 340–349. 
https://doi.org/10.1016/j.molliq.2018.03.055 

Thotagamuge, R., Kooh, M. R. R., Mahadi, A. H., Lim, C. M., 
Abu, M., Jan, A., Hanipah, A. H. A., Khiong, Y. Y., & 
Shofry, A. (2021). Copper modified activated 
bamboo charcoal to enhance adsorption of heavy 
metals from industrial wastewater. Environmental 
Nanotechnology, Monitoring and Management, 
https://doi.org/10.1016/j.enmm.2021.100562 

Vukelic, D., Boskovic, N., Agarski, B., Radonic, J., Budak, I., 
Pap, S., & Turk Sekulic, M. (2018). Eco-design of a 
low-cost adsorbent produced from waste cherry 
kernels. Journal of Cleaner Production, 174, 1620–
1628. 
https://doi.org/10.1016/j.jclepro.2017.11.098 

Vunain, E., Njewa, J. B., Biswick, T. T., & Ipadeola, A. K. 
(2021). Adsorption of chromium ions from 
tannery effluents onto activated carbon prepared 
from rice husk and potato peel by H3PO4 
activation. Applied Water Science, 11(9).  

Xiao Y, Watson M. (2019). Guidance on Conducting a 
Systematic Literature Review. Journal of Planning 
Education and Research. 39, 93–112. 

Yahya, M. A., Al-Qodah, Z., & Ngah, C. W. Z. (2015). 
Agricultural bio-waste materials as potential 
sustainable precursors used for activated carbon 
production: A review. In Renewable and 
Sustainable Energy Reviews (Vol. 46, pp. 218–235). 
Elsevier Ltd. 
https://doi.org/10.1016/j.rser.2015.02.051 

Yeow, P. K., Wong, S. W., & Hadibarata, T. (2021). Removal of 
azo and anthraquinone dye by plant biomass as 
adsorbent – a review. In Biointerface Research in 
Applied Chemistry (Vol. 11, Issue 1, pp. 8218–
8232). AMG Transcend Association.  

Zhou, Q., Yang, N., Li, Y., Ren, B., Ding, X., Bian, H., & Yao, X. 
(2020). Total concentrations and sources of heavy 
metal pollution in global river and lake water 
bodies from 1972 to 2017. Global Ecology and 
Conservation, 22.  

Zhu, S., Sun, H., Mu, T., Li, Q., & Richel, A. (2023). Preparation 
of cellulose nanocrystals from purple sweet potato 
peels by ultrasound-assisted maleic acid 
hydrolysis. Food Chemistry, 403. 

 
 

 
 
 
 


